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Sir 

I. Jerome S. Hubacek, hereby state as follows: 

1 . I am an inventor of subject matter claimed in the above-identified 
appfication. 

2. Tests were performed under my supervision using low resistivity, single 
crystal silicon stiowerhead electrodes in a plasma reaction chamber. The 
showerhead electrodes had a plurality of gas passages (outlets) with diameters of 
0.025 inch arranged to distribute a process gas in the reaction chamt>er during use 
of tfie electrodes. The showerhead electrodes had thicknesses of 0.15 inch, 0.18 
inch, 0.25 inch, and 0.35 inch. The showerhead electrodes having thicknesses of 
0.15 mc*i, 0.18 inch and 0.25 irtcJh included 3249 gas passages, while the 
showerhead electrode having a thickness of 0.35 inch included 2437 gas passages. 
The showerhead electrcxJes had an electrical resistivity in trie range of from about 
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0.005-0.02 ohm-cm. The showertiead electrodes were bonded to a graphite support 
member by an elastomeric joint. 

Power levels of 1000 watts, 2000 watts, and 3000 watts were applied to each 
of the showerhead electrodes. In addition, a power level of 4000 watts was applied 
to the thicker showerhead electrodes having a thickness of 0.25 inch and 0.35 inch. 
The center-to-edge temperature gradients of the showerhead electrodes having a 
thickness of 0.15 inch, 0.18 inch, and 0.35 Inch were modeled based on temperature 
measurements made for the showerhead electrode having a thickness of 0.25 inch. 
The test results are plotted in the graph in attached App^dix A As shovm in the 
graph, at each applied power level, the center-to-edge temperature gradient 
(jecreases as the showerhead electrode thickness increases. For example, at an 
applied power level of 2000 watts, decreasing the electrode thickness below 0.25 
inch ^rply increases the center-to-edge temperature gradient At an applied power 
level of 3000 watts, increasing the electrode thidcness firom 0.25 inch to 0.30 inch 
reduces the center-4o-edge temperature gradient by about 15% (on the centigrade 
scale). Increasing the electrode thickness from 0.25 inch to 0.35 inch at the same 
appDed power level reduces the center-to^ge temperature gradient by about 35%. 

3. The daimed showerhead electrode allows longer production times 
before replacement of the electrode is needed. Increasing the showerhead 
electrode thickness unexpectedly provides better thermal uniformity while increasing 
the lifetime of ttie electrode (i.e., the number of RF hours that the electrode can be 
used). Thicker electrodes allow an increase in the maximum amount of power that 
the showerhead electrode can be operated at without failure. At a set power level. 
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increasing the showerhead electrode thickness reduces the oenter-to-edge thenrnal 
gradient of the electrode (see Appendix A), wliich surprisingly reduces the probability 
of cracking of the electrode, especially at high power levels (e.g., 4000 watts). 

4. The showerhead electrode thickness versus the power level applied to 
the electrode was measured, and the test results are plotted in the graph in attached 
Appendix B. The region above line A represents the experimentally determined 
operating range in which the probability of electrode cracking is low, while the region 
below line A represents the operating range in which the probability of electrode 
cracking is high. Extrapolation of line A to greater electrode thickness values shows 
that ^owerhead electnxles having a thickness of 0.25 inch or greater can be 
operated at significantly higher power levels than thinner electrodes. 

5. Increasing the showerhead electrode thickness while using the same 
diameter gas passages in the electrode surprisingly reduces particle contamination 
of processed urafers. The Increased length of the gas passages also inaeases the 
gas pressure behind ttie electrode. Showerhead electrodes having a thickness of 
0.25 inch and larger reduce deposition of polymer particles behind the electrode, as 
compared to the electrodes having ia thickness of 0. 1 5 inch and 0. 1 8 inch. The 
daimed electrode can provide beneficial reduction in particle defects. 

6. The claimed showerhead electrode provides b^er RF coupling than 
thimer showerhead electrodes. As increasing the thickness of the showeriiead 
electrode decreases the electrical resistance of the electrode from the center to the 
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edge, ohmic losses in the electrode can be reduced. Coupling of radio frequency 
(RF) power to plasma generated in the plasma reactor can be enhanced. As shown 
Fn the Table at page 14 of the above-identified application, reducing the impedance 
path of the RF results in a higher etch rate of substrates In the plasma reactor using 
the same gas chemistry and reactor conditions, including the same set power level 
applied to the electrode. 

7, Redudng the electrode resistance also improves plasma confinement 
in ttie plasma reactor. Tests were performed under my supervision using four, low 
resistivity, single crystal silicon showerhead electrodes A-D and also a standard 
higher resistivity single oystal alicon showerhead electrode in a plasma reaction 
chamber. The low resistivity showerhead electrodes had a thickness of 0.25 inch 
and an electrical resistivity of from about 0.005-O.02 ohm-cm. Low resistivity 
showerhead electrode A included 829 gas passages with diameters of 0.025 inch, 
and low resistivity showerhead electrodes B-D each included 3249 gas passages 
with diameters of 0.025 inch. The standard resistivity showerhead electrode had a 
thickness of 0.25 inch, an electrical resistivity of 10 ohm-cm and included 3249 gas 
passages with diam^ers of 0.025 inch. The showerhead electrodes were each 
borKted to a graphite support member by an elastomeric joint 

The standard resistivity and low resistivity showerhead elecfrodes were 
installed in a plasma reactor including plasma confinement rings for confining the 
plasma in confinement region between the showerhead electrode and the lower 
electrode. A process gas (i.e., a gas mixture of Ar/CF4/02/CHF3) was energized to 
produce plasma in the plasma reactor by applying 1 000 watts power at a frequency 
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of 27 MHz artd 2000 watts at a frequency of 2 MHz to the lower electrode while the 
upper electrode was grounded (i.e., provided a return path). Each of the electrodes 
was tested to determine the maximum flow rate of a constituent of the gas mixture 
(argon) that could be used without plasma unconfinement in the plasma reactor, i.e. 
the gas flow rate above which the plasma was no longer confined within the plasma 
confinement rings. 

The flow rate of argon was increased while marntaintng the same flow rates of 
the other gases of the gas mixture. The test results are shown in Appendix C. As 
shown, for fr>e standard resistivity showerhead electrode, there was plasma 
unconfinement at an argon flow rate of less than 200 seem. In contrast, for the low 
resrstivfty showertiead electrodes, higher argon flow rates ranging from 200 seem 
(showerhead electrode D) up to 1000 seem (showertiead electrode A) were used 
with stable plasma operation. The higher argon flow rates provide a larger 
confinement window for plasma processing operations using frie low resistivity 
showerhead electrodes. 

Appendix D shows the measured impedance values for the low resistivity 
showerhead eledrode'?; A, B and D, where power at frequences of 2 MHz and 27 
MHz was applied separately to the lower electrode. As shown in Appendix D, for 
both operating frequencies, showerhead electrode A had the lowest impedance 
value, showerhead electrode D had the highest impedance value and showerhead 
electrode B had an impedance value between that of electrodes A and 
Accordingly, the impedance values shown in Appendix D correlate to the plasma 
COTfinement results shown in Appendix C for the low resistivity showerhead 
electrodes. That is, deaeasing the impedance of the electrode improves 
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confinement Such performance benefits are highly desirable in semiconductor 
processing because by improving confinement, the confinement window and the 
corresponding process window are increased. 

8. I hereby dedare that all statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that wilHliI 
false statements and the like so made are punishable by fine or imprisonment, or 



both, under Section 1001 of Title 1 8 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent issued 



thereoa 
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